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(54) Intravenous fluid heating system for heating the fluid In the infusion tube 



(57) A medical tubing (120) is used for heating an 
intravenous fluid immediately prior to the fluid's intro- 
duction into a patient. The medical tubing (120) com- 
prises an internal web with a heating element along a 
length of the web, which heats fluid passing through the 
tubing (120). Temperature sensors at an entrance and 
exit of the tubing communicate the temperatures of the 
unheated and heated fluid, which provides feedback to 
a control circuit for regulating the amount of heat deliv- 
ered to the fluid. Current carrying wires in the web dis- 
sipate heat and thereby heat the web, which in turn 
heats the fluid in the tubing (120). A heat controlling unit 
(116) adjusts an electrical current transmitted to the cur- 
rent carrying wires in the web. The web may be formed 
separately from the tubing (120) and subsequently in- 
serted therein, or formed integrally with the tubing (120) 
by, for example, an extruding process. The web is of suf- 
ficient thickness to carry the heating element and addi- 
tionally carry a separate line for the temperature signals, 
yet remain flexible so that the tubing (120) can be used 
in the traditional manner. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates generally to 
medical equipment, and more particularly to an intrave- 
nous fluid heating system including heat delivery along 
a length of tubing prior to introduction of the fluid into 
the patient to maintain and control an elevated fluid tem- 
perature. 

2. Description of Related Art 

[0002] Normothermia for humans is 37° C (98.6° F). 
When the body temperature falls below 36°, clinicians 
refer to the condition as hypothermic. Except for those 
rare procedures where hypothermia is a planned and 
carefully controlled surgical tactic for protecting the pa- 
tient (e.g., open heart surgery and some neurosurgery), 
hypothermia is regarded as generally a disfavored, un- 
controlled, and unintentional byproduct of medical pro- 
cedures. However, the occurrence of hypothermia in 
post surgical recovery rooms can be as high as 60% to 
70%. The outward manifestations of hypothermia can 
be shivering and discomfort, and the condition can lead 
to further complications. 

[0003] There are many known contributing factors to 
post-surgical hypothermia. Cold operating rooms con- 
tribute to the patient's loss of heat. Most ORs are kept 
colder than normal rooms, typically maintaining a max- 
imum temperature of 20° C. Another factor is the pa- 
tient's lack of clothing during a surgical procedure. Many 
times a patient will be exposed to the cold operating 
room with at most a flimsy gown, and in some instances 
the patient is predominantly exposed during what can 
be a lengthy procedure. Evaporation of fluids applied to 
the body such as Iodine can further rob the patient's 
body of heat. Another significant loss of heat can be the 
heat exchange between a body which has been opened, 
exposing the vital organs, and the surrounding environ- 
ment. These factors contribute to the high incidence of 
a patient's post-operative hypothermia. 
[0004] An important contributor to the hypothermia 
problem is the introduction of intravenous (IV) fluids into 
the patient before, during, and after surgery. For exam- 
ple, blood products are stored in refrigerators at temper- 
atures of 4° C prior to use, which is just above freezing. 
Other fluids such as saline or glucose solutions are 
stored at room temperature (20° C), which is approxi- 
mately 17° below the body temperature. When a cold 
fluid is introduced into the body, the body must work to 
bring the new fluid to the body's operating temperature 
at the expense of other body functions. In doing so, the 
body cools below its initial temperature, with the amount 
of cooling dependent on the quantity and temperature 
of the fluid to be introduced. Large amounts of fluid or 



very cold fluids can cause the patient's temperature to 
drop several degrees, thereby triggering hypothermia 
even without any other contributing factors. This effect 
is magnified in younger patients as well as the elderly, 
5 Thus, the introduction of blood and other IV solutions 
are a major contributor to the problem of hypothermia 
in post-surgical patients. 

[0005] In recognition of this problem, the medical 
community has tried to implement blood warmers which 

io preheat the blood prior to introduction of the blood into 
the patient. However, blood warmers have heretofore 
been an unsatisfactory solution to the problem. First, 
while the existing blood warmers add some heat to the 
blood prior to delivery, the blood is still delivered at a 

15 temperature colder than the 37° - 38° C which is main- 
tained by the human body. This is attributable to heat 
loss of the preheated blood in the line from the heater 
to the point of infusion, where the warm line gives off 
heat to the colder surrounding environment. If the flow 

20 rate of the fluid is slow, then more heat is lost during the 
exposure time between the heater and the infusion 
point. 

[0006] The majority of prior art fluid warmers are lim- 
ited by having the heated region separate from the point 

25 of infusion, where the heat source is separated by the 
venipuncture site by a length of IV tubing. The fluid cools 
down in the unheated line necessitating a higher initial 
temperature of the heated fluid. However, overheating 
the fluid can break down products in the fluid and in 

30 some cases renderthe fluid useless or unsafe. The cool- 
down is particularly severe at low flow rates where a long 
residency time in the post-heater connecting line results 
in heat energy loss that could be as much as the heat 
added. At higher flow rates, the heater response time of 

35 prior art heaters prevents rapid response to abrupt flow 
changes without overheating the fluid. 

SUMMARY OF THE INVENTION 

40 [0007] To offset the problem of heat loss in the tubing 
which transports the IV fluid from the heating unit to the 
patient, the present invention employs a tubing which 
comprises an internal heating web traversing the length 
of the tubing, which heats the fluid in the tubing and pre- 

^5 vents the fluid from entering the patient below normoth- 
ermia temperatures. In a preferred embodiment, the 
present invention includes proximal and distal sensors 
which evaluate the temperatures at the beginning of the 
tube and the point of delivery, thereby providing a feed- 

50 back loop for controlling the temperature at the point of 
entry of the body. By placing a heating web inside the 
flow field of the moving fluid, the present invention ad- 
vantageously heats the fluid more efficiently and more 
evenly than if the outer walls of the tubing were heated. 

55 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] The exact nature of this invention, as well as 
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its objects and advantages, will become readily appar- 
ent upon reference to the following detailed description 
when considered in conjunction with the accompanying 
drawings, in which like reference numerals designate 
like parts throughout the figures thereof, and wherein: 5 

Figure 1 is a schematic illustration of a preferred 
embodiment of the present invention including a 
gravity assisted fluid flow, a heating unit, and a 
length of tubing with internal heating web; 10 
Figure 2 is a second schematic illustration of a pre- 
ferred embodiment of the present invention as pre- 
viously depicted in Figure 1 with a pressure assisted 
fluid flow; 

Figure 3 is a schematic illustration of a length of tub- '5 
ing with a heating web of the present invention, 
shown partially in phantom; 
Figure 4 is a cross-sectional view of the tubing as 
depicted in Figure 3; 

Figure 5 is an elevated, perspective view of the tub- 20 
ing, partially cut away, and the internal heating web 
of the present invention; 

Figure 6 is a block diagram of a heater controller 
used in the heating unit of the present invention; and 
Figure 7 is a block diagram of a second heater con- 25 
troller with dual microprocessors. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

30 

[0009] The following description is provided to enable 
any person skilled in the art to make and use the inven- 
tion and sets forth the best modes contemplated by the 
inventor of carrying out his invention. Various modifica- 
tions, however, will remain readily apparent to those 35 
skilled in the art, since the general principles of the 
present invention have been defined herein specifically 
to provide an IV fluid heating system with internal flow 
heating using an internal web to transmit heat to the 
moving fluid. 40 
[0010] Figure 1 depicts a schematic of a fluid delivery 
system employing the present invention. An IV stand 
1 00 supports a flexible container 1 02 which stores a fluid 
1 04 such as blood or saline to be delivered to the patient. 
The fluid 104 feeds to a drip chamber 106 which accu- 45 
mulates the fluid before delivery to the patient. A tube 
108 connecting the drip chamber 106 leads to a flow 
control valve 110 which regulates the flow rate of the 
fluid administered to the patient. A flexible tubing 112 
connects the flow control valve 110 to a junction 114, 50 
which preferably includes a thermistor or other temper- 
ature sensor for detecting the initial temperature of the 
fluid. The junction 114 is connected electronically to a 
heat controlling unit 116 preferably mounted on the IV 
stand 100 as shown. The heat controlling unit 116 is 55 
powered by an AC current via its power line 1 1 8, or could 
alternatively be powered by a dc battery if necessary. 
[0011] As fluid exits the junction 114, it travels along 



a tubing 120 to a cannula 122 or other means for intro- 
ducing the IV fluid to the patient. Along this length of 
tubing 120, heat is continuously transferred to the fluid 
as will be explained in greater detail below. At or near 
the cannula 1 22, a second thermal sensor is provided 
which measures the temperature of the fluid immediate- 
ly before the fluid's introduction into the patient, and this 
temperature is communicated back to the heat control- 
ling unit 116. By adjusting the amount of heat which is 
introduced along the length of tubing 120, the fluid tem- 
perature can be accurately controlled and delivered at 
the proper temperature. In this manner, a contributor to 
hypothermia is diminished or eliminated. 
[0012] Figure 2 depicts a second embodiment to that 
shown in Figure 1 , in which the intravenous fluid 104 is 
delivered using pressure in addition to gravity to control 
the flow rate. Using like numerals to represent like com- 
ponents, Figure 2 includes a pressure inf user 1 24 about 
the IV container 102 which imparts a pressure on the 
flexible container 102. A pressure gauge 126 attached 
to the pressure inf user 124 displays the pressure im- 
parted on the container 1 02, which may be applied using 
either a manual delivery such as a hand pump 128, or 
a mechanical delivery such as a motor (not shown). 
[0013] Figure 3 shows a cross-section of the tubing 
1 20, including devices to measure the fluid temperature 
and apply heat to the moving fluid. The junction 114 re- 
ceives the cold fluid from the flow rate controller and a 
thermal sensor 130 in the junction 114 measures the 
temperature of the cold fluid. This first thermal sensor 
130 senses overtemperature in the fluid, and can also 
be used to determine the initial power setting for heating 
the fluid. A flexible web 132 extends from the tubing 120 
into the junction 1 1 4, where electrical leads 1 34 are con- 
nected. The electrical leads 134 extend from an electri- 
cally insulating conduit 136 and extend to the heat con- 
trolling unit 116 as previously shown in Figure 1. 
[0014] The tubing 120 further includes a second ther- 
mal sensor 138 at the proximal end (i.e., end nearest 
the patient), and the temperature measurements from 
the first and second thermal sensors are communicated 
back to the heat controlling unit 11 6 via the conduit 1 36. 
In a preferred embodiment, the proximal end includes a 
dual thermistor for redundancy, wherein a discrepancy 
between the two sensors forming the dual thermistor 
triggers an alarm that one of the thermistors has strayed 
from a predetermined tolerance. In this manner, a ther- 
mistor malfunction does not result in over-heated fluid 
being delivered to the patient. The tubing is preferably 
terminated at a "luer" connector 140, or similar attach- 
ment for facilitating the introduction of fluid into the pa- 
tient. 

[0015] Figure 3 also details first and second elec- 
trodes 142, 143 positioned at opposite ends of the web 
132, and connected by an electrical conduit 144 embed- 
ded in the web 1 32. The electrodes 142, 143 detect dis- 
continuities that may occur in the web 132, such as 
breaks, pinholes, insulation failure, and bubbles forming 
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on the web. The formation of bubbles can give rise to 
excessive power dissipation and hot spots on the web, 
which may in turn damage the tubing 120. 
[001 6] Figures 4 and 5 show the web element 1 32 dis- 
posed in the tubing 120. The tubing itself may be of the 5 
type traditionally used for IVs, such as one-eighth inch 
polyvinyl chloride (PVC) tubing. The web 132 is flexible 
and preferably extruded along with the embedded heat- 
ing elements 146, from a heat-resistant material, and 
spans the diameter of the tubing as shown. The tubing 10 
120 and web 132 may be extruded together in a single 
configuration, or the web may be formed separate from 
the tubing and subsequently inserted therein. Where the 
web and tubing are formed together, the web diametri- 
cally spans the tubing, integrally forming intersections 1$ 
with the walls of the tubing at opposite sides of the tub- 
ing. 

[0017] The web includes wires 146 to electrically heat 
the web 132, which in turn heats the fluid continuously 
along the tubing 120. Alternately, the wires 146 may 20 
traverse the web laterally as well as longitudinally in a 
zigzag pattern to provide more heat per length of tubing. 
By passing current through the wires 146, the dissipa- 
tion of power will cause the wires 146 to heat up along 
the entire length of the wires and consequently the web 25 
132 is heated. As the fluid continuously flows past the 
web 1 32, the heat from the web is transferred to the fluid 
via conduction and convection. The web 132 also car- 
ries wires 1 50 which convey signals from the thermistors 
1 30, 1 38, preferably along the central portion of the web. 30 
The web must be thin enough to allow the tubing to flex, 
but sturdy enough to prevent the web from cracking or 
splitting along the length of tubing. A typical width of the 
web is on the order of one tenth of an inch, and is pref- 
erably made from a plastic such as pvc or an extrudable 35 
elastomer. 

[0018] Figure 6 depicts a block diagram of a first em- 
bodiment feedback control circuit 152 employed by the 
present invention. The signal from the proximal thermis- 
tor is fed into an amplifier 1 54 which increases the signal *o 
strength, and the amplified signal is displayed at the dis- 
play unit 156 . The temperature signal is directed to an 
error amplifier 158, which receives the optimum or de- 
sired temperature from the heating unit input and com- 
pares the two signals. The difference is then supplied to 45 
a pulse width modulator (pwm) comparator 160, along 
with a known signal such as a triangle wave generated 
from a triangle wave generator 162, and the output of 
the comparator 160 is fed to an optical isolator 164. A 
heater transformer 1 66 is controlled by the output of the 50 
optical isolator 164, which in turn controls the amount of 
current generated in the heating wires 146 in the web 
132. As more heat is needed, the power to the trans- 
former is adjusted to augment the electrical current, rais- 
ing the power delivered to the wire and producing more 55 
heat. The increase in the heat is transferred to the fluid, 
which raises the downstream temperature at the proxi- 
mal thermistor. In this manner, the optimum temperature 



at the proximal thermistor is maintained. 
[0019] Figure 7 depicts a second feedback circuit 
comprising a dual microprocessor heat controller. In this 
circuit, signals from two proximal thermistors and one 
distal thermistor are converted to a digital signal via an- 
alog-to-digital converter 168 to a first microprocessor 
170. In parallel, the three thermistor signals 172a, 172b, 
1 72c are fed through a second analog-to-dtgital convert- 
er 174 along with a conductivity measurement 176, and 
the resultant digital signal 178 is directed to a second 
microprocessor 180 in communication with the first mi- 
croprocessor 170. A display unit 182 and input device 
184 are connected to the first microprocessor 170, 
which processes the digital signal and displays the tem- 
peratures at the display unit 182. The digital signals 
processed from the first and second microprocessors 
170, 1 80 are each delivered to separate optical isolators 
186a, 186b which test the signal using a primary triac 
and a secondary triac. The result of the test is used to 
adjust the power to the heater transformer 188, which 
in turn adjusts the current in the wires and the heat de- 
livered to the fluid. 

[0020] The disclosed heating system is a low mass, 
fast response time electrical heater that produces a flat- 
ter temperature versus flow characteristics profile as 
compared with fluid heaters using a heating jacket. 
Those skilled in the art will appreciate that various ad- 
aptations and modifications of the just-described pre- 
ferred embodiment can be configured without departing 
from the scope and spirit of the invention. For example, 
the feedback control circuit could be modified from its 
described embodiments by those skilled in the art with- 
out departing from the scope of the invention. Similarly, 
other changes are possible while practicing the inven- 
tion. Therefore, it is to be understood that, within the 
scope of the appended claims, the invention may be 
practiced other than as specifically described herein. 



Claims 

1 . A medical tubing for use in heating intravenous flu- 
ids comprising: 

a length of flexible tubing for conducting said 
intravenous fluids; and 

an internal web disposed in said flexible tubing, 
said web comprising at least one heating ele- 
ment spaced from said flexible tubing and tra- 
versing generally the length of flexible tubing 
for communicating heat to the intravenous fluid. 

2. The medical tubing of Claim 1 further comprising a 
first temperature sensor disposed in said flexible 
tubing. 

3. The medical tubing of Claim 2 wherein the first tem- 
perature sensor is disposed at a proximal location 
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to an end of the tubing where the intravenous fluid 
is to be delivered. 

4. The medical tubing of Claim 3 further comprising a 
redundant second temperature sensor disposed at 
the proximal location. 

5. The medical tubing of Claim 3 further comprising a 
distal temperature sensor disposed at a distal loca- 
tion to the end of the tubing where the intravenous 
fluid is to be delivered. 

6. The medical tubing of Claim 1 , wherein the internal 
web comprises a first heat conducting wire dis- 
posed along a first edge, and a second heat con- 
ducting wire disposed along a second edge, and a 
third wire communicating a temperature signal. 

7. The medical tubing of Claim 1 further comprising a 
junction disposed at an end of said length of tubing 
distal to a location where said fluid is to be delivered, 
said junction comprising a temperature sensor for 
measuring the fluid entering the junction, and fur- 
ther comprising electrical connectors cooperating 
with said internal web to provide an adjustable elec- 
tric current to said internal web. 

8. A system for delivering an intravenous fluid to a pa- 
tient at an elevated, controlled temperature com- 
prising: 

a flexible container for storing fluid, where the 
fluid is below a predetermined optimum deliv- 
ery temperature; 

a flow controller for controlling the flow from the 
flexible container to a flexible tubing; 
a first tubing connected to the flow controller; 
a junction connected to said first tubing, said 
junction including an electrical connection and 
a cable connecting said junction to a heat con- 
trolling unit; 

a heat controlling unit for receiving temperature 
signals from the junction and adjusting a cur- 
rent flow to the junction in response to said sig- 
nals; and 

a second flexible tubing including an internal 
flexible web disposed inside said tubing, said 
web in electrical communication with said junc- 
tion wherein said current provided to the junc- 
tion by the heat controlling unit is transferred to 
the web, which converts the current to heat and 
said heat is transferred to a fluid in said second 
tubing. 



said internal web to said junction and from there to 
said heat controlling unit for use in adjusting the cur- 
rent flow. 

5 10. The system of Claim 9 further comprising a second 
temperature sensor located at a distal end of said 
second tubing, said second temperature sensor 
providing a signal to said heat controlling unit for 
use in adjusting the current flow. 

10 

11. The system of Claim 8 wherein the flow of fluid is 
controlled solely by gravity. 

12. The system of Claim 8 wherein the flow of fluid is 
15 controlled in part by a pumping apparatus. 

13. A medical tubing for use in delivering an intrave- 
nous fluid comprising a circumferential periphery 
defining inner and outer surfaces, said tubing fur- 

20 ther comprising a web diametrically traversing the 
inner surface and integral with said inner surface 
and first and second intersections, said web com- 
prising an adjustable heating element spaced from 
said inner wall of said tubing and spanning a length 

25 of said tubing, said heating element adapted to 
transfer heat from said web to a fluid in said tubing. 

14. The medical tubing of Claim 13 further comprising 
a thermal sensor disposed on said web at a proxi- 
mo mal end of said tubing adjacent a delivery location, 

said thermal sensor providing feedback for control- 
ling the transfer of heat from said web to the fluid in 
said tubing. 

35 15. The medical tubing of Claim 14 wherein a signal 
from said thermal sensor is carried along said web. 

16. The medical tubing of Claim 15 further comprising 
a second thermal sensor disposed on said web at 

^0 a dista! end of said tubing, a signal from said second 
thermal sensor providing feedback for controlling 
the transfer of heat from said web to said fluid. 

17. The medical tubing of Claim 14 further comprising 
45 a redundant thermal sensor at said proximal end. 



50 



The system of Claim 8 further comprising a first tern- 55 
perature sensor located at a proximal end of said 
second tubing adjacent a delivery location, said first 
temperature sensor providing a signal carried along 
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